We investigated the soft baking condition effect on residual solvent amount, decomposition of photo sensitive diazonaphthoquinone group, photosensitivity, and development loss amount of positive photosensitive polyimide, which composed of partial esterified poly(amic acid) and photosensitive diazonaphthoquinone sulfonate. After soft baking, 10-14% of solvent was remained. Below 120°C baking, the naphthoquinone group was remained more than 90%. More than 40% of the naphthoquinone group was decomposed when 130°C baking. Photosensitivity seems to be determined by development loss of photosensitive polyimide. 120°C for 4min is suitable soft baking condition in this study.
Introduction
Photosensitive polyimides (PSPI) are widely used as a buffer coating to protect semiconductor devices [1] . One of important thing to use the PSPI for semiconductor devices, PSPI pattern was obtained on a whole Si wafer with good uniformity. The PSPI pattern formation was determined by not only material itself but also process conditions. As shown in Figure 1 , PSPI pattern was obtained by coating, soft baking, exposure, development and curing processes. Especially, soft baking process was affected on sensitivity and pattern shape. In photoresist, residual solvent effect on its lithographic performance Figure 1 Patterning process of PSPI was argued [2] . Ueda reported suitable soft baking temperature from the point of chemical amplified PSPI system [3] . However, residual solvent amount after soft baking has not been reported before. In this work, we investigated the soft baking condition effect on residual solvent amount, photo sensitizing agent decomposition and thickness loss change of positive PSPI from polyimide precursor and diazonaphthoqinone sulfonate (PAC).
Experimental
The partially esterified poly(amic acid) was obtained by reacting tetra-carboxylic dianhydride and diamine under the conditions described in the next paragraph. A posi PSPI was obtained by mixing the partially esterified poly(amic acid), and photosensitive diazonaphthoquinone sulfonate (PAC). All the chemicals were used without further purification.
Coating
Soft Baking
Exposure
Si wafer Development Cure PSPI 2.1 Partially esterified poly(amic acid) (polyimide precursor) preparation 2,2'-Bis(3-amino-4-hyrodroxyphenyl)hexafluoro-pro pane (12.83 g, 35 mmol, 6FAP, AZ materials) and 4,4-diaminodiphenyl ether (7.01 g, 35 mmol, ODA, Wakayama-Seika) were dissolved into 100 mL of N-methyl-2-pyrolidone (NMP, Mitsubishi Chemical) in a 4-neck 500-mL round bottom flask equipped with a thermometer, a nitrogen inlet, and a mechanical stirrer. After dissolving the diamines completely, 3,3',4,4'-diphenylether tetracarboxylic dianhydride (31.01 g, 100 mmol, ODPA, Manac) was added to the solution with 50 mL of NMP. Then the solution was reacted at room temperature for 2 h. 3-Aminophenol (6.54 g, 60 mmol, Tokyo-Kasei) was added to the solution and reacted for 4 h at 50 °C. After polymerization, N,N-dimethylformamide diethyl-acetal (30.63 g, 190 mmol, DFA, Tokyo-Kasei) was added drop-by-drop to the solution with 30 ml of NMP for the esterification. The mixed solution was stirred at 50 °C for 2 h. Then, the solution was poured into 5 L of water. The white polymer powder was collected by filtration. The powder was washed with water for five times and then dried at 50 °C for 72 h under vacuo. The chemical structure of the polymer is shown in Figure 2 . The molecular weight of the partially esterified poly(amic acid) was measured by gel permeation chromatography (GPC). The GPC measurement was carried out by Waters Model510 with TSK-Gel-α2500 + TSK-Gel-α4000 (Toso) at 40 °C. NMP contains 50 mmol/L of LiCl; 50 mmol/L of H 3 PO 4 was used as an eluent. The flow rate of GPC was 0.4 mL/min. Standard mono-disperse polystyrene (Toso) was used for the molecular weight calibration. The GPC chart of the obtained polymer is shown in Figure 3 . The number average of the molecular weight of the polymer is approximately 4000 with a stirrer, a funnel, a nitrogen inlet, and a thermometer. The solution was heated to 40 °C in a water bath. 5-Naphthoquinone diazide sulfonyl chloride (33.84 g, 125 mmol, NAC-5, Toyo-Gosei) was added to the solution. Then, triethylamine (12.64 g, 125 mmol, Nakarai) was slowly added with a funnel with 50-mL 1,4-dioxane. The solution was stirred for 2 h at 40 °C. Then, the solution was filtered. The filtrate was poured into 2 L of deionized water. A yellowish powder was precipitated. The yellowish powder was washed with 1% HCl and then with water five times. The powder was collected by filtration and dried at 50 °C for 72 h under vacuo. The chemical structure was PAC was shown in Figure 4 . 
Posi-PSPI preparation
The dried polyimide precursor (13 g), naphthoquinone diazide sulfonate (2.6 g), Tris-PA (1.3g) and N-ethyl-p-tolunesulfonate (1.3g, Tokyo-Kasei) were mixed into 27 g of GBL. The solution was filtered through a 1.0µm pore poly(tetrafluoro-ethylene) filter to remove the gel particles. ) was measured by using ER-180A (A&D). Posi-PSPI was coated on the glass substrate. The coated substrate was weighed within 1min after coating then soft-baked on a hot-plate (Danippon Screen SCW-636). Then those samples were cured at 320 °C for 1hr and were weighed.
Those coated thickness were measured by STM-802 (Dainippon-screen).
PAC decomposition measurement
Posi-PSPI was coated on 5cm 5cm glass substrate as shown in previous section. UV-vis spectra were measured by UV-260 (Shimadzu).
Photosensitivity measurement
The posi-PSPI was coated on a 6-in. Si mirror wafer at about after defineite baking conditions at about 9 m (Mark-7, Tolyo-Electron). Then, the coated wafer was soft-baked at definite conditions on a hot plate (Mark-7). The coated film thickness was measured with STM-802. The soft-baked wafer was exposed by an i-line Stepper (GCA, DSW-8000) from 500 J/m 2 to 12000 J/m 2 . The exposed wafer was developed by using 2.38% tetra-methyl ammonium hydroxide solution (TMAH, Mitsubishi-Gas-Chemical) at 23°C for 90sec.
Results and discussion

Residual solvent amount
Residual solvent amount was calculated from weight measurements. Weight change and thickness change were summarized in Table 1 .
Residual solvent amount was calculated those data and summarized in Table 2 and Figure 5 . Table 1 Experimental results of coated weight
In these experiments, residual solvent amount is 9 to 14wt%. Due to high boiling point (203 °C) of GBL, posi-PSPI contains about 10wt% of solvent after soft baking. Table 2 Residual solvent amount calculated from Table 1 Figure 5 Residual solvent amount by different soft baking conditions 3.2 PAC decomposition during soft baking PAC decomposition was monitored by UV-vis spectrometry. Obtained UV-vis spectra were shown in Figure 6 . Ried reported the thermal decomposition mechanism of naphthoquinone diazide group to form coupling compound via carbene [5] . Diazonaphthoquinone group in PAC has absorption max at 405nm. We monitored the decrease of 405nm absorption. Figure 7 and Table 5 summarized the results of Figure 6 . As shown in the Figure and Table, when 110 °C baking, we do not observe big spectra change at different soft baking time. About 10% of PAC was decomposed after 120 °C for 6min baking. More than 40% of PAC was decomposed after 130 °C for 6min baking. From the point of PAC stability, lower temperature soft baking is suitable. Table 3 PAC remaining on different soft baking
Photosensitivity
We checked the photosensitivity and development loss of posi-PSPI at different soft baking conditions. The results were summarized in Table 4 and Figure 8 . From J. Photopolym. Sci. Technol., Vol. 23, No. 6, 2010 the point of pattering process, we can not obtain goodpattern by 110 °C soft baking. Small pattern was delaminated during development. It seems to be adhesion to substrate was not enough. On the contrast, we observed drastic sensitivity decrease at 130°C soft baking of posi PSPI. From the PAC decomposition result, decomposition amount of diazonaphthoqinone group was large.
In addition, imidization of polyimide precursor in posi PSPI was not small. Due to those reasons, 130°C baking of posi PSPI was not suitable. In our experimental result, 120°C for 3min is suitable soft baking condition. Development thickness loss change by different soft baking condition was monitored. The results were summarized in Table 5 
Conclusions
We obtained the soft baking effect of posi-PSPI on residual solvent, PAC decomposition, sensitivity change and development loss change.
In residual solvent, 9-14wt % of solvent was remained in suitable soft baking condition.
In PAC decomposition, less than 10% of PAC was decomposed at 110 °C to 120 °C soft baking. PAC was decomposed rapidly at 130 °C soft baking.
In photosensitivity and development loss, photosensitivity seems to be determined by development loss. So development loss is important parameter to control posi-PSPI process. 120 °C for 4min soft baking is suitable to this posi PSPI process. The residual solvent amount was 12%. PAC decomposition amount was about 5%.
